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RESEARCH NOTES
Research Note: Interactive Effects of Sodium Zeolite A
and Eimeria acervulina Infection on Growth
and Tissue Minerals in Chicks1
T. L. WARD, K. L. WATKINS,2 and L. L. SOUTHERN3
Department of Animal Science, Louisiana State University Agricultural Center,
Baton Rouge, Louisiana 70803
ABSTRACT Two experiments were conducted to assess the interactive
effects of dietary sodium zeolite A (SZA) and experimental Eimeria acervulina
infection on growth and tissue mineral concentrations in chicks. The average
initial weight of the chicks was 71.8 g, and the experimental periods were from 5
to 15 days posthatching. In both experiments, the corn-soybean meal basal diet
was supplemented with 0 or .75% SZA and fed to uninfected chicks or to chicks
infected with 4 x 105 sporulated E. acervulina oocysts on Days 0, 3, and 6 of the
experiments. Both coccidial infection and SZA reduced (P < .05) gain and feed
intake; however, feed efficiency was reduced (P < .01) only in the coccidiosisinfected chicks. Neither SZA nor the coccidial infection affected (P > .10) plasma
Ca or P, tibia P, liver Ca, Zn, Fe, or Mn, or pancreas Cu. Sodium zeolite A
increased (P < .05) plasma Zn but only in uninfected chicks (SZA by coccidiosis,
P < .10). The coccidial infection decreased (P < .02) tibia ash percentage. Sodium
zeolite A decreased tibia Ca in uninfected chicks but increased tibia Ca in
coccidiosis-infected chicks (SZA by coccidiosis, P < .10). The coccidial infection
increased (P < .05) tibia Mg, Cu, Fe, Pb, Mn, and Al concentrations. Dietary SZA
also increased (P < .02) tibia Zn, Mn, and Al concentrations. The coccidial
infection decreased (P < .02) tibia Zn concentration, and SZA decreased (P < .05)
tibia Mg and Fe. Sodium zeolite A by coccidiosis interactions (P < .10) were
evident in tibia Zn, Fe, Mn, and Al concentrations. Both dietary SZA and E.
acervulina infection influence tissue mineral content of chicks, and coccidiosis
may exacerbate tibia Mn and Al accumulation observed in chicks fed SZA.
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INTRODUCTION

diets of broilers increased Mg and Zn
utilization. Recently, Watkins and SouthThe effects of zeolites on animal ern (1992) reported that sodium zeolite A
production and nutrient utilization may (SZA) increased tibia Mn, Zn, Cu, and Al
be due partially to interactions with vari- in broiler chicks; however, Ingram et al.
ous dietary minerals (Elliot and Edwards, (1991) found that SZA had no effect on
1991a; Watkins and Southern, 1991). serum Mn, Mg, and Cu. In addition, SZA
Chiang and Yeo (1983) reported that the has been reported to affect eggshell qualinclusion of naturally occurring zeolites in ity, egg production, growth performance,
Ca absorption, femur medullary development, bone composition and strength, P
utilization, and incidence of tibial dysReceived for publication February 17, 1993.
chondroplasia.
Accepted for publication June 24, 1993.
1
Approved for publication by the director of the
Coccidiosis also is known to influence
Louisiana Agricultural Experiment Station as manu- mineral nutrition of chicks (Brown and
script number 93-11-7077.
2
Present address: Lilly Research Laboratories, Southern, 1985; Turk, 1986a,b; Giraldo et
al, 1987), and Barnes et al. (1990) reported
Greenfield, IN 46140.
3To whom correspondence should be addressed. that SZA may enhance the efficacy of
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various anticoccidial agents. However,
Ward et al. (1990) found no evidence that
SZA enhanced the anticoccidial activity of
monensin in chicks infected with Eimeria
acervulina and reported that SZA increased
tibia Zn and decreased serum P in both
uninfected and coccidiosis-infected chicks.
Although both SZA and coccidiosis are
known to influence mineral utilization, the
interactive effects of SZA and coccidiosis
on mineral nutrition have not been studied. This experiment was conducted to
evaluate the effects of dietary SZA, coccidial (E. acervulina) infection, and the
combination of these factors on growth
and tissue mineral concentrations in
broiler chicks.
MATERIALS AND METHODS

Two experiments were conducted using
unsexed Peterson x Arbor Acres broiler
chicks4 from 5 to 15 days of age. From
hatching to 4 days posthatching, all chicks
were fed a standard corn-soybean meal
starter diet (Watkins and Southern, 1993).
After they were deprived of feed overnight, chicks were weighed and randomly
assigned to treatments on the basis of
body weight. The average initial weights
were 69.9 and 73.7 g for Experiments 1
and 2, respectively, and the experimental
periods were from 5 to 15 days posthatching. Chicks were provided continuous
fluorescent lighting and caged in heated,
thermostatically controlled (mean temperature was 35 C) starter batteries with
raised wire floors. Each treatment consisted of four replicates of five chicks each.
Experiments 1 and 2 were identical in
design. The basal diet was supplemented
with 0 or .75% SZA and fed to uninfected
and E. acervulina-iniected chicks, resulting
in a 2 x 2 factorial arrangement of
treatments. The coccidial infections were
obtained by crop intubation of 4 x 105
sporulated E. acervulina oocysts on Days 0,
3, and 6 of the experiments. Uninfected
chicks were crop intubated with tap water.
Chicks were allowed ad libitum access to
feed and water.

^Sanderson Farms, Laurel, MS 39440.
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At the termination of the experiments,
individual chicks were weighed and pen
feed consumption was determined. A
blood sample (2 mL) was taken from each
chick via cardiac puncture. Tissue preparation and mineral analyses were conducted as previously reported (Watkins
and Southern, 1992).
Data were analyzed by analysis of
variance procedures appropriate for a
factorial arrangement of treatments in a
completely random design (Steel and Torrie, 1980). Data for Experiments 1 and 2
were pooled for statistical analyses; treatment by experiment interactions were not
significant (P > .05), with the exception of
plasma Zn. Therefore, both the individual
values for each experiment and the pooled
values for plasma Zn are presented (Table
1) and discussed. Orthogonal, single df
contrasts were used to test main effects
and interactions. Pen means (eight per
treatment group) were used as the experimental unit for all data.
RESULTS AND DISCUSSION

Gain and feed intake were reduced (P <
.05) by both E. acervulina infection and by
SZA addition to the diet (Table 1). Gain:
feed ratio, however, was reduced (P < .02)
only by the coccidial infection.
Plasma Zn concentrations were increased (P < .05) in chicks fed SZA, and
this SZA-induced increase in plasma Zn
was evident only in uninfected chicks
(SZA by coccidiosis, P < .10). However,
there was a treatment by experiment
interaction for plasma Zn, whereby in
Experiment 1, plasma Zn was increased in
uninfected chicks fed SZA, but decreased
in coccidiosis-infected chicks fed SZA
(SZA by coccidiosis, P < .01). In Experiment 2, plasma Zn was increased (P < .02)
by SZA and decreased (P < .02) by
coccidiosis. Watkins and Southern (1993)
also have reported that SZA increased
plasma Zn in broiler chicks fed 85 ppm
dietary Zn. Turk (1986a,b) reported that E.
acervulina infections altered plasma
mineral concentrations; however, the degree and direction of these alterations
depended on the stage of infection.
Tibia ash percentage was decreased (P
< .02) by coccidial infection but not
affected by SZA. This reduction in tibia
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TABLE 1. Growth performance and tissue mineral concentrations of uninfected or Eitneria
acervulina-intected chicks fed 0 or .75% sodium zeolite A (SZA)1
Infected

Uninfected
Variable
Growth performance
Gain,2*3 g
Feed intake,2-3 g
Gain:feed,3 g / k g
Plasma
Calcium, mg/dL
Inorganic phosphorus, mg/dL
Zinc,5 /tg/mL
Pooled2-*
Experiment l 4
Experiment 2 2 ^
Tibia
Ash, 3 %
Calcium,4 % ash
Inorganic phosphorus, % ash
Magnesium,2-3 m g / g ash
Zinc,2-3-4 /tg/g ash
Copper,3 /tg/g ash
Iron,2-3-4 /tg/g ash
Lead,3 /tg/g ash
Manganese,2-3-4 /tg/g ash
Aluminum,2-3-4 Mg/g ash
Liver
Calcium, /tg/g dry tissue
Magnesium, 3 /tg/g dry tissue
Zinc, /tg/g dry tissue
Copper,2 /tg/g dry tissue
Iron, /tg/g dry tissue
Manganese, /tg/g dry tissue
Pancreas
Zinc,3-4 /tg/g dry tissue
Copper, /tg/g dry tissue

0% SZA

.75% SZA

0% SZA

.75% SZA

278.9
361.4
771

269.4
355.3
758

200.8
303.5
661

189.3
284.4
665

Pooled
SEM
4.6
5.0
6

9.80
6.12

9.99
6.00

9.64
6.01

9.74
5.94

.15
.20

2.10
2.08
2.13

2.61
2.53
2.70

2.23
2.53
1.93

2.26
2.38
2.15

.10
.10
.14

51.46
38.6
18.82
8.43
454.9
4.52
220.7
97.6
9.2
39.4

50.84
38.3
18.62
8.16
520.6
4.02
222.4
105.7
10.7
49.2

49.50
38.2
18.95
8.70
434.7
6.95
287.6
181.3
13.9
72.4

49.12
38.9
18.80
8.48
470.8
7.51
251.1
219.2
17.2
120.9

.46
.2
.18
.11
8.0
.40
8.3
35.3
.4
7.3

267.0
679.5
80.0
14.6
179.7
10.8

255.3
657.7
83.7
13.7
221.0
11.2

257.7
711.5
81.1
14.1
202.3
10.2

264.6
717.9
85.9
12.5
198.4
10.5

10.6
18.4
3.7
.5
25.3
.4

141.5
4.89

173.2
4.85

190.5
5.04

187.4
5.09

10.2
.16

1
Data are means of eight replicates of five chicks each from 5 to 15 days posthatching. Average initial
weight was 71.8 g. Gain and feed intake units are grams per chick for 10 days.
2
SZA effect, P < .05.
3
Coccidiosis effect, P < .02.
^ZA by coccidiosis interaction, P < .10.
5
Treatment by experiment interaction, P < .05. The plasma Zn values for Experiments 1 and 2, as well as
the pooled values are presented.

ash percentage in chicks infected with
coccidiosis has been reported previously
(Giraldo et al, 1987; Watkins and Southern, 1989).
Sodium zeolite A decreased tibia Ca in
uninfected chicks but increased tibia Ca in
coccidiosis-infected chicks (SZA by coccidiosis, P < .10). The coccidial infection
increased tibia Mg, Cu, Fe, Pb, Mn, and Al
concentrations. Dietary SZA also increased
tibia Zn, Mn, and Al concentrations and
decreased tibia Fe concentration. The coccidial infection decreased tibia Zn concentration, and SZA decreased tibia Mg.
Sodium zeolite A by coccidiosis interac-

tions (P < .10) were evident in tibia Zn, Fe,
Mn, and Al concentrations. The increase in
tibia Zn from SZA was greater in uninfected chicks than in coccidiosis-infected
chicks. The increase in tibia Fe from the
coccidial infection was less in chicks fed
SZA than in chicks not fed SZA. Both tibia
Mn and Al were increased to a greater
degree in chicks infected with coccidiosis
and fed SZA than when either of these
treatments was given independently. Daly
et al. (1992) reported increased plasma Al
in broiler chicks fed SZA. The toxicity of
Al to chickens is well documented (Storer
and Nelson, 1968; Elliot and Edwards,
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1991b; and Hussein et al, 1993). The
current data along with that of Daly et al
(1992) suggests that the Al in SZA (approximately 15%) is absorbed by the chick
and is increased in the tissues of chicks fed
SZA for a relatively short period of time.
Coccidial infections have been shown to
increase bone Mn (Brown and Southern,
1985) and Mg (Giraldo et al, 1987) and to
reduce bone Zn (Southern and Baker,
1983) and Pb (Bafundo et al, 1984).
Liver Cu was decreased (P < .05) by
SZA. Liver Mg was not affected (P > .10)
by SZA but increased (P < .02) by the
coccidial infection. Pancreas Zn was increased by the coccidial infection and by
SZA. However, the increase in pancreas
Zn from SZA was evident only in uninfected chicks (SZA by coccidiosis, P < .10).
Neither SZA nor coccidial infection affected (P > .10) liver Ca, Zn, Fe, or Mn
concentrations or pancreas Cu concentration.
Both dietary SZA and E. acervulina
infections influenced the tissue deposition
of important mineral nutrients. Feeding
SZA to coccidiosis-infected chicks may
alter Zn, Ca, Fe, Mn, and Al nutriture
differently from that seen with either of
these treatments independently. This effect was most notably demonstrated by
the fact that coccidiosis exacerbated the
tibia Mn and Al accumulation observed in
chicks fed SZA. The positive implications
of increased tissue trace minerals in chicks
fed SZA is eclipsed by the negative
potential of increased tissue Al.

2175

blood parameters of broilers. Poultry Sci.
71(Suppl. l):34.(Abstr.)
Elliot, M. A., and H. M. Edwards, Jr., 1991a.
Comparison of the effects of synthetic and
natural zeolite on laying hen and broiler chicken
performance. Poultry Sci.' 70:2115-2130.
Elliot, M. A., and H. M. Edwards, Jr., 1991b. Some
effects of dietary aluminum and silicon on
broiler chickens. Poultry Sci. 70:1390-1402.
Giraldo, C. A., D. R. Brown, K. L. Watkins, and L. L.
Southern, 1987. Responses to excess dietary
magnesium as affected by experimental Eimeria
acevulina infection or by dietary ammonium
chloride ingestion in the chick. J. Nutr. 117:
1053-1059.
Hussein, A. S., A. H. Cantor, A. J. Pescatore, and T.
H. Johnson, 1993. Effect of dietary aluminum
and vitamin D interaction on growth and
calcium and phosphorus metabolism of broiler
chicks. Poultry Sci. 72:306-309.
Ingram, D. R., T. K. Hagedom, R. A. Phillips, P.L.H.
Jowett, D. G. Barnes, and S. M. Laurent, 1991.
Effects of sodium zeolite-A on blood serum
constituents of broilers. Poultry Sci. 70(Suppl. 1):
57.(Abstr.)
Southern, L. L., and D. H. Baker, 1983. Zinc toxicity,
zinc deficiency and zinc-copper interrelationship in Eimeria acervulina-infected chicks. J.
Nutr. 113:688-696.
Steel, R.G.D., and J. H. Torrie, 1980. Principles and
Procedures of Statistics: A Biometrical Approach. McGraw-Hill Book Co., Inc., New York,
NY.
Storer, N. L., and T. S. Nelson, 1968. The effect of
various aluminum compounds on chick performance. Poultry Sci. 47:244-247.
Turk, D. E., 1986a. Macroelements in the circulation
of coccidiosis-infected chicks. Poultry Sci. 65:
462-468.
Turk, D. E., 1986b. Microelements in the circulation
of coccidiosis-infected chicks. Poultry Sci. 65:
2098-2103.
Ward, T. L., K. L. Watkins, and L. L. Southern, 1990.
Interactive effects of sodium zeolite A (Ethacal®)
and monensin in uninfected and Eimeria
acervulina-infected chicks. Poultry Sci. 69:
REFERENCES
276-280.
Bafundo, K. W., D. H. Baker, and P. R. Fitzgerald, Watkins, K. L., and L. L. Southern, 1989. Effect of
1984. Lead toxicity in the chick as affected by
dietary sodium zeolite-A and excess calcium on
excess copper and zinc and by Eimeria acervulina
growth and tibia calcium and phosphorus
infection. Poultry Sci. 63:1594-1603.
concentration in uninfected and Eimeria
Barnes, D. G., S. M. Laurent, B. A. Sloane, and D. R.
acervulina-infected chicks. Poultry Sci. 68:
Ingram, 1990. Influence of ETHACAL® Feed
1236-1240.
Component on coccidially induced lesions and Watkins, K. L., and L. L. Southern, 1991. Effect of
shank pigmentation in male broiler chickens.
dietary sodium zeolite A and graded levels of
Poultry Sci. 69(Suppl. l):155.(Abstr.)
calcium on growth, plasma, and tibia characBrown, D. R., and L. L. Southern, 1985. Effect of
teristics of chicks. Poultry Sci. 70:2295-2303.
Eimeria acervulina infection in chicks fed excess
dietary cobalt and/or manganese. J. Nutr. 115: Watkins, K. L., and L. L. Southern, 1992. Effect of
dietary sodium zeolite A and graded levels of
347-351.
calcium and phosphorus on growth, plasma,
Chiang, Y. H., and Y. S. Yeo, 1983. Effect of nutrition
and tibia characteristics of chicks. Poultry Sci.
density and zeolite level in diet on body weight
71:1048-1058.
gain, nutrient utilization and serum characteristics of broilers. Korean J. Anim. Sci. 25:591-600. Watkins, K. L., and L. L. Southern, 1993. Effect of
dietary sodium zeolite A on zinc utilization by
Daly, K. R., R. A. Peterson, G. H. Carpenter, and W.
chicks. Poultry Sci. 72:296-305.
T. Jones, 1992. Effect of sodium zeolite-A on

